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1, Edward Schwarz, Ph_D_, a cHiyjen of the United States of America, residing at 125 
Barclay Square Drive, Rochester, New York, 14618, USA, heixiby declare: 

1 . I am a Professor of Orthopedics, Medicine, Biomedical Engineering Pathology, 
Microbiology and Immunology at the University of Rochester, Rochester, New 
York, USA, I have a Ph,D. in Microbiology and Immunology from the Sue 
Golding Graduate Division of the Albert Einstein College of Medicine, Bronx, 
New York. My fields of expertise are Molecular Biology, Gene iTicrapy, Stem 
Cell Biology and Musculoskeletal Tissue Engineering. Specifically, T have been 
involved in the study of revitalizing bone grafts using gene therapy and stem cell 
appTX)aches. 

2. My Curriculum Vitae and list of publications are attached herewith as Appendix 1 . 
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3. T have read tJne subject Application and have reviewed the patent Prosecution 
History, including the Office Action of April 04, 2006, November 15, 2005, July 
21, 2005, December 7, 2004, October 22, 2004, June 21, 2004, and September 
9, 2003. The subject Application describes inter alia, ex-vivo methods of 
transforming or transducing mesenchymal stem ceils with a nucleic acid, which 
encodes for BMP-2 protein, tor implantation in a subject in need of bone repair 
or regeneration. 



4, Claim 24 of the subject Application recites a method of inducing organized, 
functional bone formation at a site of bone infirmity in a human, comprising the 
steps of: 

(a) transforming a cultured mesenchymal stem cell 
with a DNA encoding human bone 
morphogenesis protein 2 (BMP-2); 

(b) CQlturing the cultured mesenchymal stem ceil 
transformed in step (a), under conditions 
enabling expression of said DNA encoding 
bone morphogenesis protein 2; and 

(c) implanting said cultured mesenchymal stem cell 
in an allogeneic subject, at a site of bone 
infirmity 

whereby autocrine and paracrine effects of expressed human bone morphogenesis 
protein 2 at said site of bone infirmity result in origanized, functional bone formation, 
thereby inducing organized, functional bone formation at a site of bone infirmity, 

5. llic specification provides exemplification of the claimed material, whereby 
mesenchymal stem cells transduced with a B?VfP-2 containing construct 
eflfectivcly stimulated functional bone formation, including formation 
specifically along defect edges. Example 1 demonstrated that regulated 
expression of BMP-2 was highly efTective in promoting bone formation at a 
segmental defect site. Example 4 demonstrated that marrow osteoprogenitor 
cells genetically modified to express BMP were efTective in promoting bone 



2 



PACE 11/31 * RCVD AT Ml/2007 6:25:45 AM [Eastern Standard Time] ' SVR:USPTO-EFXRF-6/36 » DNIS:2738300 * CSID:6464175511 * DURATION (mm-ss):12-06 



21. Feb. 2007 13:2'3 PEARL COHEN ZEDEK LATZER 



No. 3230 P. 12 



formation as well. Example 8 demonstrated the advantage of combined 
paracrine and autocrine effects afforded by tlic use of the cx-vivo transformed 
cells, which resulted in superior bone formation^ when compared to paracrine 
effects alone, and Example 11 demonstrated that only MSC expressing BMP-2 
(MSC-BMP-2) provided was incoiporaled in newly Ibrmed bone trabecules, and 
formed superior quantitative and qualitative bone, this despite the fact BMP-2 
was secreted at a roughly 100 times lower concentration than that of CHO cells 
transduced to express BMP-2 and 100 times lower concentration than the 
amount of BMP-2 loaded on collagen sponges. 

6. The Examiner rejected the claims of the iibove-identified application as 
allegedly being obvious to one skilled in the art, based on Ahrens et al. (DNA 
and Cell Biology, Volume 12, NO. 10, pages 871-880, 1993) and in view of 
United States Patent No. 5,763,41 6 (Bonadio et al,) and United States Patent No. 
6,048,964 (Lcc et al.). As 1 understand, the Examiner alleged that Bonadio' s 
described targeting of progenitor cells in vivo, combined with Ahren's described 
transduced cell render the claims obvious to one of ordinary skill in the art. The 
Bxaniiner rejected claim 27 as allegedly being obvious to one skilled in the art 
in view of the above cited references, further in view of Wozney, and claim 28 
as allegedly being obvious to one skilled in the art in view of the above cited 
references, further in view of Hatterslcy . 

7. Tl is my opinion thai the Examiner is incorrect in his assertion, Tn my opinion, 
Bonadio does not provide a credible foundation for a method of stimulating 
hone formation at a site of a bone infirmity by implanting a mesenchymal stem 
cell transformed/transduced with a BMP-2 construct Bonadio targets a 
heterogeneou.s population of cells. While Bonadio describes specific targeting 
of progenitor cells, this contention is not credible, since stem cells if present, arc 
in negligible amount, at the site of gene transfer. Cellular uptake of DNA is a 
complex process, and varies in teims of the different cell types and/or stage of 
differentiation of such cells, and/or the efficiency or even plausibilily of such 
uptake, Tlie type of vector employed will also necessarily affect the kinetics of 
such uptake. 

8. Bonadio used a gene transfer system, which is not suitable for transfcction of 
undifferentiated cells. For example, the adenoviral vectors used by Bonadio 
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depend upon CAR-mediated uptake, a receptor known to not readily be 
expressed on immature, nonconmiitted progenitor cells (see for example. Rebel 
V.T. et al„ Stem Cells (2000) 18: 176-82; Zhao Q. cl al.. Blood (1994) 84:3660- 
6), at the time the invention was made. Thereibre, based on my 1 8 years of 
experience and expertise in the field of Molecular and Cell Biology it is not 
credible, that at the time the invention was made, direct gene transfer 
cxperimenis conducted by Bonadio targeted undifferentiated cells. Therefore, in 
my opinion Bonadio does not provide a foundation that BMP gene transfer 
supplies more than paracrine effects for healing a bone infirmity and Bonadio 
cannot predict the organised functional bone formation of the instant invention 
which occiirs as a consequence of transfer of an enriched population of ex -vivo 
cultured BMP-2 expressing MSC (MSC-BMP-2). 

9. The experiments in examples 7, 9, and 1 1 conducted with CIIO cells expressing 
BMP-2, and collagen sponges loaded with purified BMP-2 can serve as an 
indication of the eonirast between what Bonadio describes and the instant 
invention. DifTerentiated cells at a site of bone infirmity are the bulk recipients 
of the gene construct of Bonadio, or respondcrs to the purified protein produced 
at the site, and not stem or progenitor cells. Such cells did not home to the site 
of bone infi r m ity, and did not produce as qualitatively or quantitatively 
organized functional bone, as compared to the MSC-BMP-2. The CHO-BMP 
and loaded sponge controls serve as reliable indicators as to what direct gene 
transfer produces at a fracture site. 

1 0. Lee describes osteogenesis via local administration of a morphogcnic protein. 
Osteogenesis is assumed in T^, based solely on alkaline phosphatase 
production by osteoblasts in culture. Lee docs not provide any demonstration of 
bone formation, but rather production of alkaline phosphatase alone, in vitro. 
There is no indication, based on Lee, that ex-vivo cultured BMP-2 transduced 
MSC promote organized functional bone foraiation in vivo. Moreover, Lee's 
findings rely solely on paracrine effects of the BMP for stimulating osteoblast 
AP production. In my opinion, the data presented in tlie subject Application 
demonstrate that paracrine elTects alone do not result in organized, functional 
bone formation. 
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IL Ahrens discloses in vitro responses of progenitor cells to a group of 
osteoinductive compounds (which include, inter^Jia, a BMP), Ahrens provides 
no foundation for the likelihood that unplantation of such cells, transduced only 
with a vector expressing a BMP> in vivo, will stimulate organized, functional 
bone formation at a site of bone infirmity. Such a result is predicated on 
appropriate cell homing and orientation along the defect edges, a result, which 
could not have been foreseen^ based on Ahrens. 

12. Neither Ahrens nor Lcc describe, or provide a foundation for cells alone, in lieu 
of any other osteoinductive matrix, stimulating bone formation. Certainly 
neither describe nor provide any foundation for organized, functional bone 
formation of the instant invention, i.e. bone formation along fracture defect 
edges, as demonstrated in the subject Application. Accordingly, the differences 
in implantation of an enriched MSG population expressing BMP-2 promoting 
organized bone formation, within the boundaries of the fracture edges, and lack 
of appreciable bone resorption could not have been predicted, based on Bonadio, 
Ahrens, or Lee, alone or in combination. 

13. fhc Examiner cited the Fang reference in support of Bonadio's mechanism 
being the same as that of the claimed invention. Tn my opinion, this is incorrect. 
Fang docs not and cannot support this position for the following reasons: 

- Fang describes BMP-4 uptake by fibroblasts; 

- Since the BMP-4 uptake is by fibroblasts, its effect on bone 
formation must necessarily be via a paracrine mechanism; 

- The claimed invention, however, is directed to use of an cx-vivo 
cultured BMP-2 transformed/transduced progenitor cell, which 
exerts both paracrine and autocrine effects. The subject Application 
demonstrated that paracrine effects alone are insufficient to promote 
organized bone formation. Thus, Bonadio, eveji in view of Fang> 
does not support or provide a foundation for the claimed invention. 

14. Moreover, Fang in fact contradicts Bonadio^s contention that the mechanism of 
gene transfer results in the specific targeting of progenitor cells, since in Fang, 
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the construct was expressed by fibroblasts. Thus, Fang questions the credibility 
of Bonadio as to the mechanism of action of direct gene transfer in inducing 
bone formation. 

15. Paracrine effects of BMP-2 are not sufficient to promote organized bone 
formation and prevent bone resorption at tlie site of a bone infirmity. Example 
1 1 specifically demonstrates that better bone formation occurs when BMP is 
expressed predominantly by the MSCs ys this provides for autocrine and 
paracrine eflecls^ which yields better, qualitative and quantitative bone 
fonnation, which is organized along the defect edges, and subject to no 
appreciable resorption. 

16. Wozney describes expression of a BMP2 receptor. However, no description of 
the use ol' ex-vivo cultured MSG transduced/transformed with BMP-2, in 
inducing organized functional bone formation at a site of bone infinnity in cells 
responding to the growth factor is disclosed in Wozney, Bonadio, Ahrens, or 
Tyce, alone or in combination. In my opinion, therefore, Wozney's findings, 
when combined with the other cited references, neither implies, nor renders 
obvious the paracrine and autocrine effects on bone formation by implantation 
of cx-vivo MSG transduced/transformed with BMP-2, further comprising a 
BMP-2 receptor. 

17. Hattersley describes the use of PTH and its receptor in combination with a 
BMP, for applications in tissue repair, Hattersley neither alone, nor in 
combination with the above cited references describes, nor provides any 
foundation for the use of ex-vivo cultured MSG transduced/transformed with 
BMP-2j with or without fixrther expression of PTH and its receptor in inducing 
organized functional bone formation at a site of bone infirmity. 

18. Accordingly, it is my opinion that none of the cited references, alone or in 
combination, describe, or provide a foundation for inducing enhanced, 
organized, functional bone formation at a site of bone infirmity in a human by 
implanting in an allogeneic subject, an ex-vivo cultured MSG 
transduced/transformed with a human BMP-2. The Bonadio, Ahrens, and Lee 
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disclosures do not credibly lead one to a population of cells capable of forming 
organized, functional bone at a siie of bone infirmity, since it is improbable ihat 
Bonadio largeLs the cultured population, and further cf)nibination with Lee or 
Ahrens vitro results do not support bone formation, in particular in the 
absence of exogenous provision of an osteoinductive matrix or compound. 

19, The combination of Wozney, Hattersley, Fang, Bonadio, Ahrens, and Lee could 
not have predicted the imexpected results obtained in the claimed invention, 
which resulted in enhanced, organijced, functional bone formation at a site of 
bone infirmity. In-vivo studies demonstrated that engineered progenitor cells 
(C3II-BMP2), in comparisoft to administration of 3 ^tg recombinant human BMP2, 
or engineered non progenitor cells (CIIOBMP2) produced enhanced bone 
formation, and most surprisingly, that the formation was in alignment vsdth the 
original defect edge, this despite the fact that greater amounts of BMP*2 were 
secreted from the CHO BMP-2 cells, 

20, The paracrine eflecls of BMP-2, as described in Bonadio and Fang, are not 
sufficient to promote organized bone formation and prevent bone resorption at 
the site of a bone iniirmity. Nor does the combination of Bonadio, Fang, 
Ahrens, Womey, Hatterslcy, or Lee lead one to the unexpected finding that an 
enriched population of MSCs expressing BMP-2 are particularly useful in 
promoting organized functional bone, by a process mimicking that which occurs 
in spontaneously healing bones, and producing qualitatively and quantitatively 
better bone than that achieved with delivery of the BMP via paracrine effects 
alone. 

21 , In view of the reasons and the facts described above, one skilled in the art would 
not be able to predict the organized, functional bone induction at a site of bone 
infirmity produced via implantation of ex- vivo transformed/transduced MSCs 
with BMP-2, as claimed in the subject Application. 

The undersigned further declares that all statements made herein of his own 
knowledge are true, and that all statements made on information and belief are 

7 

PAGE 16/31 * RCVD AT 2/21/2007 6:25:45 AM [Eastern Standard Time] * SVR:USPTO£FXRF-6/36 « DNIS:2738300 ' CSID:6464175511 * DURATION (mm-ss):12-06 



■21. Feb. 2007 13:25 



PEARL COHEN ZEDEK LATZER 



No. 3230 P. 17 



believed to be true; and further that the^e statemenis were made vvith the knowledge 
that willful ialse statenients and the like so made, are punishable by fine or 
imprisonment, or both, under Section 1001 ol' Title 18 of the United States Code, and 
that such willful false statements may jeopardize the validity of the application or any 
patent issuing thereon. 




Date: 



October 19, 2006 



Edward M. Schwarz, PhD 
Professor of Orthopaedics 
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Maturation and Lineage-Specific Expression of (he Coxsackic 
and Adenovirus Receptor in Hematopoietic Cells 

ViviKrfNF. 1. Rbbel^» Sheila Hartkett," Jessica Denham," Melvin Ciian** Roman Flmikrc.** 

COUN A. SlEFF^'' 

'J>2pftitmeuts ol Pcclitttric Oncology and 'Onfoclious Diseases, Dana-Farber Gancer Institute, 
Harvard Medical School, I.Joston, Massachiiseits, USA 

Key Wurdi. Adsnovina ■ Gem tranjfer nstnatapoieae eeilt Carx^iciuA ^MvffUJt nfC^pfor 



Abstract 

Afleiiavlrus vectors have been UKcd to (ninufer scncs 
Into bodi Itemiitupvietic pru^^cnitor cdls and tumor cclbc, 
indudinu orarrama ccSis that have mdaRtasiyxif to horn 
marrow (T)M). However, the relative vuscepttbiBty of 
dtfiforcnt tfubttcLs of hematopoietic cclU fn unknown. In 
penniKsivc cells ■dcnoyiral-mcdtatetf geiie transfer Is 
mcdUited hy the coxs^cldevlnis and adenovirus receptor 
(OVR) protebi Mid ouinregriiu «xpr«sscd on die cdl mir- 
face of ttie tar^get ceUs. Tills prompted ns to invesii$;ate 
the expression of CAR on subpopulaaons of hemtitopfil- 
edc cells, dettrkxdne Vrhelhur this prutvin played a r<4c in 
adcnuvirus-mcdiiticd iE;cnc transfer of hcntatopoietk 
. ceOs and whether we cuuld modulaf e CAR to enhance 



iNTHODTWrnOX 

The easy accessibility of hematopoietic ivogenitw cells 
and their ability to generate Irmg-term prcigeriy ill vivo nre 
- VMo cfauntclcnslics (hal make those cells important largds for 
Rcne Ihcxapy. For fliis purpose, a wide variety of virasBS have 
been used incliidmg retfo-, aUeuO-,. adcnw^^sswiatcd, and 
letitivinises 1 1-6]. AOcuuviiuses aic able k> infocl noncycling 
odla and can be concentrated to extremely high titers; Itow^ 
ever, gene exprvfisioa is trvnsinil. Tlius, lor gmc Ihcrapy 
upplicntiunii in vrhic2i transient gene expression is desired, 
adenovlnis may be the preferred vector for gene delivery into 
quiescent liematopoielic piogcniter cells. Examples an; Ihc 
lielivcT)' oflbc amphotropic rcfroviral receptor or a mitogen 
to increase the sensitivity of cellii to Riihfteqiieftr retroviral 
infection Or imprwi; the success rate of inleeralion of a 
rclnoiaiuR-cncoded transgene into the genonie, respectively 



"lenc transfer efficiency. In this repoTt we slWW thai 
CAU r7pr«4»«d on Ap^rasiinjitel? 40% of ;dl human 
BM cells, iiKludiiig erythroid and ic^eloid cells ^ut not 
lyinplu>U cell&. Of the CD34^ jcdLi, 10%-l5% cxprnsed 
CAR, bat (his did noc include most coiotiy-fomiinK pnrg- 
enttor cells, nor the mwl primitive CD3S subpikpulo- 
ttvn. The presence of CAR citmulatcd well vrlth gene 
tniRsfer efficiency, but we were unable tn induce CAR 
cXpretUMDn un immature^ nonctmunittcil pmgcnitor cells. 
Tn a^nduHion, our results shnw that prifnWve iieiuato- 
poictic prngenltor cells Jack CAR expression, bui thul 
cxpmsion is acquired during eiydurvdd and myeloid 
differentiation- Stetn Cflts 2000; I 1 70- J $2 



f7, 8]. Thv susceplibilily orCD34' hcmalopoiciic progeni- 
tor cells to adenovirus is sonxiwiiat controversiaJ. Recent 
studies fiuggefitthai adenovinis vectors winding h "suicide" 
ficnc may be suitable for bot>c marrow (BM) purging of 
cancer cells; in these experiment;; the breaxt carcinoma cells 
tested were mu(;h more eH^ily transduced than ircshfy Iro- 
lated BM cells, Wiiiicb were relatively resistant {9, 10]. 
Because of interesit in uRing adenovirus a$ a purging vector, 
it iy exfrtsndy important to establish the susceptibility of 
primitive BM cells io infection and the different rntchn- 
ntwns by v^klx virus mwy cuter the cell. 

CeUular inlcction by adenovirus is a multislcp proce»: 
that involves the interaction of tlie trimeric fiber {mrfcin and 
tlie pentameric penton ba.se protein of the vin»s \vith ^fpcdfic 
receptees on the tar;get cells. Firsi, the virus attache;; to ti>e 
cell, a pnoccM mediated by the fibfx proftein. The cellular 



Cnrrespofidencc: Colif* A. Si^Jf, MM.B.Ch.. Dana-Farbcr Cancer Institute. Rm M6i3. 44 mmey Street Hoatnn, 
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Apnl:>, 2<HHi; ara^ptnd for pubiioaiion April 20. 2000. OAiphaAfeJ Pr&ss i066~5000/20Qm5M0/Q 



Stem Cells 2000; 1 8: 1 76-1 82 xPvrww.StemCclls.com 



PAGE 1M1 * RCVD AT 2/21/2007 6:25:45 AM [Eastern standard Time]' Sffl^ 



■21, Feb. 2007 13:25 PEARL COHEN ZEDEK LATZER 



No. 3230 P. 19 



Rd]cl, HailncU, Dcnham et 

receptor for ibe libtr protuin was rccunUy idoililicd vd(h Ihc 
isolation of Ihc common coxf;acki& and adenovirus nscepmr 
(CAR) protein [1 IJ. After attachmetit, virus intefnalizaHftn 
unU mcmbrHnc pcnncabilizaliun occur through the iolcrac- 
liun vl' tbv pjntua base proCdn with inlcgrins on the tar- 
get cells [12J- Althrmgh adefiiwini^ infection h most 
dlitknt when both CAR and Cx,, inlcgrins arc present on the 
target ccUsL, Ibcrc is incr€asing evidence for successful ade- 
novini^i-mediattd geoe transfer using aliemalive paThv^-nys 
tbar circumvent the ladi ol' cither type of iwcptur f 13, 14]. 

Adenovirus infection of liumaii CX>M* hematopoietic 
pmgenrtor celtfi, a populalinn that includes tnng-term nepop- 
tiUting stem cdls, requires uertMin culluic coaditions and a 
high multiplicity of infectious (MOl) jwticles per cell [2|.- 
Compared to certain primaiy cetls or nimor cell Iktes, tbe 
rdiUively incllicicnl adcnovinis-mcdiatcd gene transfer of 
hematopoietic progenitor cells may he in part due to the tack 
of expression of ol, integrins 00 ibeir cell siirfttce |15. 16). 
Little is kuo^wn tiboul Ihc vxprcsf^idon ul CARun hcmalopoi- 
dic cells, although mRNA for tfie CAR protein has been 
dernoDstr^ted in CD34' vdb isfOlutcd Irum leuKuphcrv»s 
pnxluUs f 17]. In li^t of these fmdings, we wanted (o inves- 
tigate whether the CAk protein is exprefified on ^e cell mr- 
ftce of suhpopulfltions of hematopoietic cells. If jio, we were 
interested in answering the following questions: A) does the 
expression of the CAR pixrtein correlate with wscqrtibility 
to adenoviral gene liansler in hcmwiopoictic cells nml B) can 
wc identify cytokines that modulate the expresRion of CAIi 
and therefore the gene traiiftfer efficiencyV We idww tjwt 
CAR expression on ih:sh]y isolated BM cdls is mainly 
found on differentiated cryfhroid and myeloid cells, on a 
small ivopOftion of 0034* prt^enitor cells, bul not on lym- 
phoid cells. Gene delivery into freshly isolated CD34* cells 
correlates welt with the level of CAR expression, but f^itl 
irqi'iires krgc amounts of virus. 

Preparation of Human BM Celts 

Discarded bags and attached titter ft from liM haiveirtft 
of nunnid donors were rinsed with Iscovc's modified 
r>ulbecco*s medium (!Ml)M),XI-ife Technologies; <;rand 
Island, NY; http://www.)ifetecji.cwn) containing 2% feml 
bovine scrum ([FBS] Sigma Chemical Co.; St. Louis, MO; 
http://www.5igma-^drich.oont) to obtain fiie remaining BKt 
cells. 'Jbe cdls ^Wre then walrilugcd over u layer uf 
llis>lopa£iu«*-1077 (Sigma) lo deplete cr>'(hroid and granulo- 
cytic cells, nie cells were trozen (in IMDM. 50% PBS, ITO 
dimetliykuliijxide ISigma]) and further separated on the day 
of the experimcnl. CD34+ progenitor cells were enriched 
Qsing a posi^ve selection metluid as recommended by the 



177 

manufaclunT (Ccprate LC separation system, CellTVo; 
Uothell. WA). 

Cell Staining and Sorting 

Flow cytometric detection of CAR on the cell surface n'SA 
pcdormed using ftie monoclouul antibody (mAb) RmcB f 18]. 
which was cither directly conjugated to fluorescein iso^io- 
cyanate (FPrC) or i>hycoerytiirtn. To define tlie dlflferei^t 
h(2nak;puietic siibpopulatiuns «nd their cxpr^ssiuD of CAR, 
BM odb were siznutlanoously stained with anti-CD34-cya- 
nine 5 (Bectnn Dickinson; San Jose» CA; http://wwwJbd,coin), 
RmcL^-ITJ'C. and a mAb directed ngaaist ewe of tlie MowinK 
lineage maikas: CD33, CD14, or CD3& (Bocton Dickinson), 
glycophorin-A. CJLM tosether wWh CJL)8. or QD19 
(PharMiiigea; San Diego. CA; htlpy/www.p(hAiminKiai.wjm). 
In every experiment irrelevant iscvtype controlled mAhs were 
used to determme background staining. Alt staining proce- 
dures were done in phosphate buUered sHlim; ([PBS] Life 
Tcdmolu^cs) that cuntaincd 2% FBS. Tbe cdl labetino was 
performed on ice min) afW wliich the cells were wESlied 
twice. Prupidium iwlide (fPTj Si^jmu) (2 Uj^l) was added dur- 
ing (he second wash prior to rcsuspcnsion in PBSi, 2% FH^. 
■J"hree-co!or flowcyiomeiric analysis and ccstl sonlng were per- 
Icmned m a C>3ulter Epics** Elile ESP (Coulter, Ilialcah, FL; 
htlp://beckman coulter.com); 

To analyze individual colonies for CAR expression, 
cobnics were plucked from mcthylcelluLosc (MCX incu- 
bated for I h in 1*1 IS containing 2% I'CS. to allow toe MC 
to dissolve, sptm down oikce and *ubseq\»ently stuincd with 
the apprc^alc inAfas. Two-ookw fluorcsoencs-activatBd 
cell sorter (FACS) anatyitts of tlie MC colonies ai>d the sus- 
pension cultures (:fce later) were analyzed on h single laser 
FACScan (Hecton Dickinj»n; Mountain View, CA). 

Colony-Forming Cell (CPC) Assay 

To dclmninc the CFC content of Ae sorted Cl).^4^ HM 
cells. ceUs were plated in lMDM/ai»% MC media (Mdhoed 
MC, Fluka; Buchs^ Switzerland; h1tp>7www.si^a- 
aldrich.oom) containing .10% defined FBS (JJyClone 
Laboraturics Inc.;' Logan, LT; htlp'7/www.hyck»ic.com) ar)d 
the following human recombinant cytokines: Steel factor 
(ISl -j .'SO ng/mlX inrerleukin 3 (|IL-3 1 20 ng/ml), CM-CSF (20 
ng/tol), ^tod crylltiopaietin (flipuj 3 U/ml). IL-3, and 
OM-CSF were generous gi(b from Genetics institute 
(Cambridge, MA; httpyAvww.genencR.oom). SI' and EpO 
woe purchased Irom R&D Systems (Minneapolis, MN; 
http://www.mdsyRtamR.con:). Duplicate.^ of 1,00(1 cells (or 
z.% t7therwif;e indicated) \ytr 35 mm dish were phitul. 
Colonics wcxv scored in situ after 14^20 days of incubation 
at 37*'C in a humidified atmosphere of $% COj in air using 
well-establisJ^ert criteria pyf. 
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Scrom'Free Suspension Calturcs 

l^itriched CD34^ DM cells were cultured in serani-free 
medhim ilrtpared ns described previously [20]. C^ells wei^ 
inilialiy cultured in 1 ml vftlumftS ifl 24-'vwU culture plalcs 
and kept at a dei^sity Ivtlow 1 x 10* cdlsAnl. The medium 

^upploncnEcd with vanous conihirutlonfl of the fol- 
lowing cytokines: SF (50 ng/mf), KM ligand (|1^1 100 
ng/ml), 11^ (10 nfi/ml), 11^3 (20 n^m\\ II^I I (23 ng/ml). 
GM-CSF (20 ng/mlX an** F-P« (2 U/mi). W vm kindly pro- 
vided by ImniuneK (Sseattle, WA; htip:/Avww.immunex.com) 
aiid II ^11 by Gateiks inslitule. The cultures were maintained 
at 37*'C in fl humidified afanosphcrc of 5% CX)2 in air. At sub- 
sequent days, tlM cultures were harvested, viable ccHs (exclud- 
ing trypan blue) were coimtftd usii^ a honocylomcter and 
pticuoCypic analysis was pcrfomied as dencnbed aho've, 

AdenowniJ Construction »nd Preparation 

The tidcnovirus vector that containR Uiyt gre<A lluo- 
re!(ccnt protein gene (AdCIt'T) was kindly provided by 
fioh Carter and Ricfiard Mulligan (Howard Hughef: 
Medical Institution, ChildrarR llospitai Dtelon, MA; 
htlp:// www.hhmi.orB), ^ wns consftrucK^d by first sub- 
cloning the GFP cDNA inlo pAdlox, a shuttle vecttw that 
contains a single loxP site. This expression cassette was lin- 
earized and cotran^ected into CRE8 cdls with fte v;;5 
helper virus, wluch is an El - and E3^clcled version of Ad5 
thai contains loxT sites tlanking tbe puduiKing site. 
RecoinbinAtion Occurs between Ihc two linear molecules at 
^le loxF sites [21]. We then plaque-purified tlie viru$ and 
expanded it on 29.3 cell? using ^tandnrd techniques. Each 
viniR Inoculiitn was purilied b>' a CsCI step gradient fol- 
lowed by a CsCt equilibrium gradient dialyzed Hguinsl a 
glycerol buffer and stored at -20^, 

Adenoviral Infection h^ocol and Analysis 

After a short cultore period (M h) CD34+-cnrichcd cells 
were incubated with AdGFI' for 20 h at ^7'C, aj a MOI Of 
500, or otherwise indicated, lite tncuhatictns W(nv Ouac in 
sanim-free aiedium, supplemented with SF, ¥U li ^» and 
lipo in 100-200 111 vohjnics in %-welI plates when <10* 
cells were to be infected, or in I [d Cultures in 21-wcU plates 
wl\«n tlie cell number was between 1 0*. Hie analysis by 
I'ACS lor ^recQ Huorcscaice intensity as a measure fiotr gene 
tran.^fer was perfoiiiied inmictiiHldy ailcr the 24 h of culture. 

Results 

EiprwiSion of CAR on the Cell Surface of Subpopulationfc 
uf iicmxtopoietjc Cells 

BM cell su.s|)ensionR were sfjiinwl with mAbs directed 
ftgHiiist CAR and various liitcage markers re|rej«nt.itive for 



Admjviru!} Receptor Expression in Hcmalcpoietic Oik 

crj'throid (glycoi^horin-AX myeloid (CD33 and CD14X and 
lymphoid (CD19 and CD4/CD8) cells. Figure 1 shows repre- 
senlalivc FACS prolilcs: CAR is expressed on ~40% of total 
BM cells, including glycoplioiin-A" cellu, CD14 and 
cells. In contrast, veiy few CAR* cdls can be demonstrated 
nmonft the lymphoid CDl9* or CTM/S* cells. To idenlily 
CAR expression on more primitive hemafiot>oietic proj^cnitur 
c«1ls, UM cellb werc siHined with a cocLlail of mAbs identi- 
fying CD34, CD38, and CAft. i-nwin I'igure 2 A it is immcdi- 
alcly clear tfiat the level of c;aR expression on CD34* cdls is 
coosidembly Iowa than that on mature myeloid or erytfiroid 
wUs (fig. 1). Only 10%-1 5% of CD34- cells express CAR at 
a level comparable to tfiar ot e.g., CAR'CD33 ' cells (box 2, 
Fig. 2A) and l%-2% expiess high levels of CAR (box I, 
Fig. 2A). CounlcnitainTng C034'*CAK''' celts with A Combi- 
nation of Hneage wuttom (glycophurin-A, CD14, C033, 
am, iX>n CDA, and CDS) iwcalod that these cells 
expressed one or more of these markers (data not shown). 
This finding suggests that c:aR expression On hematopoi- 
etic DM Cell^ may be limited mostly to mature crythroi d and 
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Fif^mre /. CAfl h ejpnssal an ihc sutface cf CfyUtroid ondtifyeL^ hut 
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myeloid cdls and a small proportion of committed progeni- 
tor cells. Indeed, w?ien CARexpreaswn whs ddCTmincd on 
(:h>:?4'CI>38- cells, a populalicm ol" cells lhal contains 
primitive nonobcse diabedc/severe combined immunodefi- 
ciency (NOnySCFD) repopulating ce1)ft \22, 23|, CAR 
ejcpression Mms not delcclablc (Figs. 2B and 2C). 

CARtoprcfisIononCFC 

Tint phcnotypic analysis suggcsLcd fiiat tiic majority of the 
CD34" progenitor odis does not expiess CAR. We wanted to 
invefitigatBwtieflierfiiociioinul analyas could validtile fliisrcswll. 
c:D34' UM oeJls were sqaroicd «i ihu basis of CAR expression 
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as indicated in I'ignre 2A ^ww 1-3) and Hie diftweni subsets 
were Ibcn analyzed for Ihcir ability to fonn colonics in MC Ont 
such analj'sis is shown in Tabic -1. Most of the colon ies at& 
recovered in the CAR" fraction, o distribution that is in 
Hw-ordunCc with (he relative CAR twpression on CD34* cells. 

Since the progen>' of CFC are more diffsreirtiaiBd ceUsw 
we Wsre interested to detcnninc the CAR exp^sioD on these 
cells, individual colonies irom the CAR liaclian were there- 
fore isolated and the cells stained wrth an anti^^AR itLAb 
tr>get!iej- with *e appro|irtatE lineage marker to ounlirai the 
mo7pbol(>gical appcaranee ol Ibc colony. Colonics scored afl 
BRJ-E were countErstained with glycophorin-A and colonies 



Figure. 2. CD34*CD3S- pr^axi- 
tar cdli' Af not CAR. 
CD 34* -selected c&lht vrere 
stamed tvttk rnAh ditM^t^d 
eigciiK.1t tfui tndtcflt^ cell surfiwtt 
atiU'^m; Sliuwn arv n^vssnta- 
(tvtfFACSpr<^w from live {PI') 
cells. A. In this experiment J /. 4% 
of all C0S4* calls sxpntKod 
mtarm&diata Isvabi of CAR (box 
2} (md 1.2% high lewlz (bm 1). 
B. Srmuitaneuus stainmf; with 
antiCDS4 and antiCD38mAhi ravsal&d that tha Cn3^-*C03H rails (indicated by thet C6iii- in bc*x 4) do not exprtHA CAR (C). 
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Datu represnd one cTtwQ exjcj iiiEenlr, Ihe other expcrimcnlAhnwcd very Klmflar Ic^xOfi, 

<;D34' cell* were wjrtcd ax inrticalcd in Kiguro 2A (boxes 1-3), l>i^licateJ cf 1 ,000 cell* pcx diihwerc platitd. 

hlic Tccnvcry w» catciilatcd foQows: fot each subset and type of cokny, the ctearved number per 1 0* cells was muU:^>lifid by (he mspecthre 
Ihictioin ttel the stibsifl nfpnsenljed nf the totaJ CO.^4' oelts. Ths cnncctcd number va» then divi<]cdby i^ tml Tnwbo* of oolon}C( Rcovatetl 
(i.e. the sum of tbo oofrtctcd oolony aumbeii of tho dvee submits) find muUiplini bv- ioQl 



A: BFU-E 



B: CFU-G/M/GM 



t-lgm JL CAir cell* can *< 
fMtAd among tke proget^ of all 
tj^ of CFC Shmrn are repre- 
genlative FACS profiles qf live 
(PI') sails ohtamad hy plw:hng 
MC colmttttx }4 days pftet the 
ceih h^d been plated Eryikruid 
colonies (A) mosdy showed a 
profile ai presented here, but 
occasionaUy a level tif CAR that 
wax cnmparahla tii that of cells 
obUimd frK>m CFU-G/M/GM 
txilames (B) was dctescled. (C) 

Mixed linea^fe colonies contained cells from the erytkraid, myeloid and t»AgakarytiC]>tfi7 l/tutagA. 
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Figure 4. Expradan of OAR 
comlatex wtk adejimiruS' 
medhaxd gpjte troit^er effi- 
ciency. Pre-enricked CD34* 
eaJb -wsra sirmdtanntmxlyxttxitHt/i 
with aitti CAR an^ ^ntuCD$4 
ptt^tiS, C034^ cdk were sorktcl 
un ihv basis of CAR ax indicated 
by the bcxes. Ths rejidtx <f20h 
acpoiure to AdCrFP dunr^ a 
h cultura period for aack fraction 
ara xk/iMtn in the f)gwii. Eaeh 
dCiSd point yfitii MOI 500 consists 
q^' iwci to tkme ind&pendsnt 
expcrimsntj. The data pomtx 
ohtaiJud yffidi MO} >0 rapraxcnt 
a xingle cxpfi.nmp.Hi. CAR'* celts art: 




GFP* oelle 
MOrSO MOI 500 



25.9 

13.2 
3.6 



64.4 + 13.3 

32.6 ±16^ 
6.B ± 1 .4 



C£)34* cslls ihaf axpnsss intermedials levels of CA ft im - intermediam. 



scoitd K» gnmulocyiit and/or monocytic (CFU-G/M/OM) 
wcrccomiterstained with C1H3. "["be jymltiHoeage colonic 
(CPU-CiKMM) were also staiaed Vk^fli CD33 lo kfcnlify the 
mydoid uuDipuncnL ia an oflai dominant erythmid appear- 
ance. Figure 3 shows the varioos types of colonies that were 
identified by flow cytometry. A laiigc proporlitm of cells iso- 
)Ptt^ firom oylhruid cdunies stained brightly positive fcx 
CAR (Fig. 3 A). CellE; ft-om nryeloid cr^onief! ill sicained ioter- 
m^ediate positive lor CAR (Fig. 3BX as did flic CFU-GEMM, 
but the level of CAR expression was on average lower than 
that of the myeloid colonies (I'ig. 3C). Thus, while Ihe Tnajar- 
ity of clonogenic iitfogeoitora is CAR (Tabic IX Ihcir progeny 
^ow an increase in the level of CAlfS expreuiton (J'l g. 3). 

AdaiOvirxl Gvnc IriiDsfer EfTirieQcy in Relation to CAR 
Expression 

■Jb determme wlisQier Tho-t; w«s « coirclalion between 
CAR expression and cITicicncy of adenoviral gene transfer 
in CD34'*" cclK CD34* cells were separated on the basis of 
CAK expression, nod the difleient thtctiumi were cultured 
for 24 h. During the last 20 h of culture, cells were ex^KRed 
to an adenovirus constnid fttaz contained the gene for the 
AdGIT. Alter 24 h, the cuhurc was then analyzed by FACS 
fw GFP expression (i.c^ green fluoresoence irrtenfiity). 
i'igiire 4 rIiqws the combined results of Ibree such cxpcri- 
menti. The best gene trnnsler cHicicncy was indeed 
obtained with cells tliat expressed Uie highest leve) of C^AK 
(CAR^ cells); 64.4 i 13.2%, compared to 6.8 ± 1.4% in 
cells thnt did not express CAR (CAR* ocllt;). The cells tliat 
expressed Intermediate level.*! of CAR (CAR"" cells) 
i^owed tntermediate levels of gene Jmnsler: 32.8 = 18.8%. 
Thi3 eficet was dosc-dcpcndcnt, decreasing the MOI 10- 
fold reduced the gene transfer rate consfderal>1y. ITius, Uie 
level of CAR expresidon on freshly isolated CD34' BM 
cells correlates well with the proportion of cells afDer 
a24-li exposure to AdCiFI*. 




0 1 2 3 4 5 6 
Days in culture 



FiSt^t X CAR^ Ctdls prodmced ia dnliurc are mosCy CD34 . 
Pressmed is cms of thee scperJinERtx, ihoypijsg the nurnhftr ^ 
CAk* ceUs (CT)34* and CD34-J that inittatsd thfi. culture at day 0 
attd th6 produ^iott cfCAR* cctU (CD34^ oad CD34-) at subst^ 
qu6nt dctyy. Tfw number of ccJIs -was cakuiafed by rmdiiplyinfi the 
total ctfU number by the fraction of cells of a partiotdar phsnotype 
obtained by FACS analysis. 



Cytokhiea Do Not Induce CAR Expression 

BM cells enriched for Cf.)34" progenitor celU w«e cul- 
tured under senan-liee condilions lo tlclcnmnc whether one or 
a oombinaJion of cytnkines could induce CAR eKpre$$icn cjia 
such cell*;. Jbe following cytokine;; were tested in one, two, 
and fuur-day cultures, cither alone ur in eombinaiion: SF, Fl ^ 
IL-G, IL-3, IL-t 1, GM-CSF, ajid Epo. No c>1okine or ci^bi- 
nntion thereof— 33 coniTltiorjs tested— dxdd be klenli- 
fied ^t «^wed a svpgher cHcd on CARotpression (data not 
shown). AH subsequent cell cultures v^erc therefore pertbrmed 
in seiuui-free medium, supplemenioi v^ith Sl\ PL, IL-6, and 
Epo, a culture C'ondition demLKnslniled to maintain the mom 
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primitive hiioRlopoictic cdls [1, 24, 25]. Over a sev&n^y 
culture period, the number of CD34'' odls Ihnl wsprvss CAR 
stays nearly cnnstant (I'ig. 5). Hu>\'cvcr, flicmimlKT of CD34*' 
ccDs OiHt express CAR incrca5cs dranialicalty witii time, 'tlius. 
as CD34* cdls lose expresfiinn, tiwy acqiitre ilAR, lliis 
re^nilT. mgether with Die phunutypic analysis and functional 
CFC data, suggest expression widi CAK in hemainpoieiic 
cc]!s is related to myeloid md et^ihroid differentiation. 

Discussion 

AdennviruR-medi alad gei>e Imisfef is lai^y dlicdtiit in per- 
missive celH such as IkLa cells, ur noapcnnissivc cdis slably 
inffxtcd with Ehc gcjtc encoding CAU [11, 14]. In contnun, we 
±ow here thai the transduction of genes trm primitive CD34' 
hematopoietic ceils liy m tidtswviius Goaslrucl is no! voy cffcc- 
livc. In our hand^ only 1 5%-20% of CI )34+ cellfi exposed ftr 20 
b to adcnovims wsre transduced, a result ftua dir^y coiTclata3 
wifli flbe Isvel of C\R catprasod ui the cell surface. Hcxwever, 
CAR cxprvsiduD v,-a& found k) be associated with cellular differ- 
entiation. These results predia very low odotovini^odiatud 
gene Transfer into lmm!«i»re long-lam rcpupulatini; hematopoi- 
etic stem cells (HSCs). Indeed, in one e^cpsriment m which puri- 
fied cni4*t:i)3«- ceJJs cxpwsed lo AdGFP for 20 h of the 
24 b in culture, only 2% goiv tranidbr cfBcicDcy could bcdcmon- 
stralcd (data not shown). These Tesii\tn appear to comH^ wifit n 
previous report rfwwing tha* <iui«c<ilt CL)34 ' cdls vwic 
GIT' alkx cxpoeaxru lo an adenovirus GFP construct (2|. Several 
reasons may account for this diilmjoe: 1k% tbs pust-tn&ctiuQ 
tin»e allowing ftr g^iie ejipn^ssaon (24 h in our cxpcrimcnl versus 
48 h\ and second, the starling population that wa^; irifectsd. We 
infoded purified CD34^C1>3S- oella, wtweas f^e^y^^i aL used 
total CU34^ cdls and unalyzcd the propoition of transfected 
CD3^'a>38 adh by FACS. It is possible ttial there are acces- 
sory cells pr«w>t in the OD34^ cell pOpulolioa tiiat laulilate gtnc 
transfer into other cxdk. Tbc medranism by which this occurs is 
unclear, but it is icmptitig to specdaie Utat titese cells produce 
certain t^iokirtes ihtft upn^gulatc cdl £urlac;c mokxulcs, as yet 
unideiililicd, that oic impcdanl fcr adenoviral infections in prim- 
itive hematopoietic cetts. lntere<Rin£}y, aMlouglt adexiOvdnd gunc 
transfer into h^iman piimitive cdls is indliciail al best, murine 
lung-lcnn rcpopulaling HSCs are quite efficiency transducihle 
with the same construct (unpiibliidicd data, 19917). 



1A1 

Several apirottdics have been tiikoi to improve adenovirus 
infection of olhcrwise nonpcmussrvc cells, such as nmdulating 
the viral sur&ce structunsdi with which fte virus may attach to die 
tm^ ceils imd Ibc use of agcntif to laciiitate the vinis-tar^ cell 
binding [26^28]. Our appFonch, i.c., trying Lo induce CAK 
expression on henuir^ietic progefittx* cells, has $o fur been 
UnSuCusudtil. The cytokines we tested were chosen based on 
previous studies describing Ihdr (relative) beneficial effect on 
Cr)34^ cells in maintaining NC)t.)/SC:iD mouse fqwpulating 
abilrly 1 1, 29« 3Q|. Ikeause our goal vtfiu> not only lo induce 
CAR, but also io maintain phcnotype^fonction, tlie cytrldn.es 
tfiat were tested were lim ttad to SK, Fl ^ II I J ^3, 1 1.^ J 1, GM- 
CSi% ftnd Epo. However, studies with other cdl types may 
point us towards examining other cytolones, nrvt u^tudly 
thought of in relation Id culturtng C) )34' celts. In this lUKurd 
i1 is of interest that ILr2 found to induce the expression of 
the ilba reecplor on the cell sur&cc of lymphocytes, wtiereas 
fiiis receptor wait undetectable jn non cultured, freshly isolated 
lymphocytes |3Ji. Uliettier thi5 reccplur wiw ^indeed CAR 
needs to be vcriikd, or, for example the OufSa integrin, as Qtt>- 
ers have shown to be involved \a adenovirus binding lo 
human lUunociic et^s [32]. InlcTcstingly, a small subset of 
0034** cells do express this tntqgrin [.^3] and may (irovldc; a 
tool to improve adenovtrwi-mediaied gene tnmsfcr inlo 
hematopoietic piogcniLor cdls. 

In conclusion, oar resuhs dearly denionstraie fim\ CAR is 
expressed oiD bematopoietic cells and that it!^ cxpies^n is 
directly rdalod to the susceptibility of these cells to adenoviral 
gene transfer. We also demonstrais that the majoritj' of CAR' 
hetuuiopoietk:. odb are Uneagc-cunumllcd cells and not the 
more primitive CD34* progenitor cells. Our findings, along witft 
those of others [2|, tliai high MOIS are needed lo sucoesafuDy 
infect bcmalopoieiic cdls with adenovirus, suggest Utat at low 
MOI, adenovirus may provide a good vdiicle for oncolytic ther- 
apy in cancer. 
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Sitage-SpecilSc OI3goffloacle©ti2<dl(£ Upltailke Sim MoirMe B©me 

By Qtiuyar Zhao. Thomaa Waldschmldt, Eric Fisl^r, Chartes J. Herrera, and Arthur M. Krieg 



t& ^nC p^>oqphop«>^^KIIoozo oflE@®nue£oodl^£ia worn tn 
fvii^-eoSor f&st^ t^ftasno^ mmfn^s tMme m&srow coOs 
cQQirtod v^TTth ititt>ncdOo&QD an^hibi^ cQioc&fie far thd cSSHordotti^ 
(3tion VTCES-Eccra S7 {CEMSL* oftd tto dhgw paotx^s 

woo «!boQ3VEd virion® pro-^f^ end oorty B*ro-a cc!3o. Uato 
PrQ-(B(- C3i(d pFG-@ cqIDo hod Incrcaocxd oB^saavsx&atji^t? ^J)p^U&, 
whoroQS (3 colfo hQd o loc:^r icr^d. CoU mnomltiirono bcndtDig 
of <»%Qnuci9i9Ci3Sdc^ vcielcd du7bi@ &-ecB dS??Dit»vi;i£taSon in por^ 

ANTISENSE oiigodeoxynucleoddcs (ODNs) have be- 
XTl come a widely u$ed research tool. By blocking geoc 
translation in a sequence-spectAc manner* aoti^cnse ODNs 
can provide vtty useful mformation od the function of genes 
of intcucst Originally enplf'ited sn)c\y for the eKpcrioiental 
reguiatkm of gene cxpressioin in studie5i of cultured cell lines, 
antisense ODNs have been increasingly applied to investiga- 
tiodi£ iisitig primary cell cultures or in vivo admlolstratioa.''^ 
Despite these rapid strides in developing epplicACions for 
antil^ense ODNs, many of the relevant haftic mechanisnv; 
remain poorly xinderiitiOtid. 

For an antisense oligonuclts^de to huvc an effect, it must 
tir^ enxer the target cea ODN uptaice in cell Ihtes Is satnra- 
hle» sequence independent, and tcmpcramrc and energy de- 
pendent' Although there is some evidence to suggest that 
such uptake may occur through an 80-kP mcoibranc pro- 
tein,^"'' The gene for (his has not yet been cloned or further 
charactecizect Unfortunately, the mccbanlsmCs) of ODN up- 
take into primary celU haa not been invesiigatcd as thor- 
oughly as In cell lines. 

Antisense ODNs have been used by several research 
groups investifiatina the role of various- oncogenes in hcina- 
topoicsis and autogenesis.^''* Such fitudiefi have generally 
h^ien perfotrroed in cell lines. It would be of great interest to 
Ktudy henrntopoiiesis and B-uell diflerentiation iji pnmaiy 
cellR iishig antisenjse ODNa. If ODN uptake were heteroge- 
neous among different subseis of primary cells, the inierpre- 
lotion of theses experiments could be altered. Indeed* we have 
deviously shov^ that, although oligonucleotide uptake in 
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aUq:^ wfith imteivqciita^n, v»QtEeh ^Esy cOoeumonSi::^ ccmlfo' 
cqI micTQCce:^. An FiT&con^fiisiQQod palv^ntcnG^ ^C^nttrsn ^ni^ 
feto cSco showed <«Sb!rOif«lc4lon-»^lQtotf &-«oll Goo©ctetaon, 
^o^g^si^ni^ t!ho (pvcii^TejHso oil coffl (TscsRnfiirQino Mna^ng oHoo opo- 
eKce for (a^lyoRlontc £^ e^tjsti::^ to a uft^(^ ffcxituTO off tho 
DStfA becIsboBio. 8i7sr*aTpK74o(a©n erf e^BHrostoo oagwrSittCJnto in 
muivco bono wiottow coiSo ^9 SDCod to cscisicnit ibr hot- 
erogor^ouo o^E^ontacltioSilcSo u^££xq amotvQ c^^fbr^nAto^dng B 

O 6/ Iho Amortcon S<ts5Q2ir of Mom^aSogy. 

murine spleen cells was saturable and temper<itui'e depen- 
dent, like uptalw in cell lines, thifi uptake was quite heteroge- 
nous: cultured B cells had much higher uptake than T cells. 

One of the mast popular methods for studying the oeUular 
upiake of oligojiucleoudes has bc«i the use of radiolabeled 
oligooucleoddes. Unfortunately, the results of experiments 
using end-labeled oligonucleotides can be affected hy cellu^ 
lar phoSf^atascH.'^ '"^ Another imporUmi caveat to the iiiter- 
prctadon of studies uKiog radioSabeled oUgonueliCoddcs is 
that d^ad cells can have much higher oligonucleotide uptalce 
than live cells. Thus, differences in ihc uptake of radiola- 
beled oligonucleotides between different i;ell populations 
could result from variations in ihc proportion of dead cells 
unless this has been carefully controlled, A fnrther limitation 
of using radiolabfiled oligonucleotides fen- siudics of hetero- 
geneous cell populatior^ (sudi as prlxnaiy cellfi) in thai thU 
technique docs not allow 009 to readily disdngulsh whether 
uptake results ffom many cells taking up a modest amount 
of oligonudcodde or from a cell subpopulatton taking up b 
great deal. 

Flow cytometry offen: an attractive alternative to radiola- 
beled oligonucleotides for deteimining whether oligonucleo- 
tide upudce in priniary cells is heterogcrcoas or uniform. 
Using a two-laser cytometcr, cells can be culuired with fluo- 
rescein isothiocyanate (Fl:lC>s;oi\jugated <^LgoaucIeDtides 
and then stained with thicc different cell subset-jipecific 
itionvcloniij amibodies (MoAbs) conjugated to three differ- 
ent dyet! OuorciK;ong m Uisunci wavelengths. Data arc aha- 
lyTed by gating oft the desired comblnadon of antibody stain- 
ing charactcrij;tics to determine the relative levels of 
oligonucleotide uptake in each oeli subpopulation of interesL 

Progeniinr bone marrow <BM) cells committed to the B 
cell hneage, all of which express the &220 marfier, can be 
readily studied using flow cytometry. The pTc-Pro^B, early 
and late l>ro-B» Prc-B« and B-cc)] stages can be distinguishsd 
by their differential expression of several cell surface mole- 
cules^ including hcat-stable antigen, and determinants recog- 
Tdzed by S7 and BP-l.*' The S7 MoAb nacogniTcs CTUy 
(referred to as S7 hereinX which is cxpfesscd in B^odl pre- 
cursors up to the Prc-B cell stage of differentiation^ 'and is 
also expressed m tnOSt myeloid cells. The BP-1 MoAb 
detects a cell surface protein (termed BP-1 herein) that in 
expressed on the large prr>lifcroting late pnj-B- and prc-B- 
ceU populations hut not on earlier or later B-cell precur- 
sors.-''" in the present study^ we used four-color flow cytom- 
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STACE-SPECIFIC OLIGONUCLEOTIDE UPTAKE 

ctry with FlTC-oligonucleoCides and antibodiei to these 
detdtttinants to investigate whether oligonucleotidt upi^ke 
xnay be. a fiUge-specific madcer of B-fxU. diffcrtntiatioa. Wc 
also studied the temperature and oUgonucleatide bftckbojie 
depcnd^co of upitake by itmnnc BM B-cell progenitc^s. 

MATERIALS AND IVIETHODS 

Mice, DBA/2 isuce were bred and hoinsed in the University of 
Iowa specific pacbOSC:A-ftcC ftniiBAl caic Onit with &ce access to food 
smd water. NZB mice wece puit:luuusd ftixm The Jqckum l^hnmiory 
(Bar Haitmr, ME). A: C lo g weeks of age. Oiay were fcilted by 
ccrvtc^ dislocation &Dd BM cells wezt pr&pattd sierildy fen- further 
sludy. 

Oiigofmciiifitkhs. TTTC. was conjiigAt«d to the aligcnmcl«7tide& 
thn>u^ the 5 '•hydroxy! wdag a fitxxcsccin amidite (Pharmacia, Pis- 
catawsy NJ). In the text, Fmc-Ooligowittcleotids cefcrs lo pbospho- 
diester oligoDvcUotides bening a 5' Aaofesceia azEi flTC-S-oligo- 
imcleotide refen; to phosphorDtfadoaiei; bearing a y fluorescein. 
OlisoTtucleotides were synthcsizBd on an Applied BtMy^teou Ific 
(Fkwter City* CA) model 394 DKA synthesizer. Phofiphodjesier ali- 
gonudeotidcEf were synthc&iled using stDDdaid ^-eyanocthyl ptuis- 
phoramidite chenu^try. P)toaphMOthtoatB lioltages were introduced 
by cTxidizing the pliosphiie UnkAg^ vntfa cleasunlal sulfur instead of 
the naiKJaid iodide OXidadOta."^ 01jfidnuc]cf3(tides were depixnectcd 
by iTCBinieitt witb Qoncentm^ ammonia at SS'C for 12 hours and 
were purified by gel eacliision chromatography aM pDhytnylamidft 
gel eleCtruphoidHB oid lynpfaiiized to dryness before use The int3J> 
of absocptiozi at 490 nm and 260 nm was idestical for the difTorenl 
oljgomicteotidftS, irtdimfftie thot they wcro equivalently puie. 
HeieiDputynier oligoniicleptideft ponJngciKed to Cy3.18 i;^eEr syiMhc- 
sized as descnbed.** Each modified FTPC-oligoiiudeoddtt w» syn- 
thesized with two different sequcace& (5' GAGAACGCIXjGACXT- 
TCCAT 3' and 3' IXKTACKnxnXjCCTGTACCT 3'). Because 
there was do appaiecit difference in ceDula/ uptake in initial expen- 
nicntR» d)es«.cwo vequencev wvie used ixiKichsngeably in subsequent 
expciiniente, 

Celt cuUunfL. MnrJn* BM cell cuHufcs were Sd up by preparing 
fiinglc-cen suspensions, washing twice, and cuhuring 3 x iC cens 
in 1501 RPMI*1640 media containing tO% heat-inactivated fetal 
.bovine seriun, .50 pmol/L IQO U/mL penicillizu 100 fig^mL 

stmptoniyciTi* and 2 lamcAfl^ L-g2ntaikiise at 37^ 5% COz. and 
100% humidify. Where indicated, i pig o£ FrFC-oH^ocleotidfi or 
PrrC-dentran was added at the bsginninfr of culture. Desd cells were 
eUminated hy pudifiCDitiOD over lyniphwyle M (Accursle Chemical 
Co, Westbury, NY) before analysis. 

Anttboditx and rBogents. Hiycoerythrin (PE>-6B2 was pur- 
chased fiOTi Fharmiitgen (San DIcgo. CA). Texas Rcsd-avidin (used 
to detect biotin MoAb) was purchased fmm Vector Labs CPurl- 
iltg^me, CA). AntibocSy bsoti^ylatioii was peifoxmed g]»ng btSftdaid 
techniques. CyBiuBe^5 conjugated antibodies were prepared wing a 
conmi£tcia2 kit frool B{oIi3^cal DctCCdoO Systems (Pittsburgh. PA) 
aocordiDg to the manufaciufets insirueticHu. Polyanlciifc FTPC'dcx- 
tran (molendar weight LMW] ia,UOU} was purchased fjrom Molecular 
Probes (Eufiene. OR). PH-avkltn was purchased from Leinco (Si 
Louis, MO). 

Ft/3w tytomeiry. Cells for flow cytometry watt washed and 
staitied in Hank's balanosd salt solution (HBSS) with 0.01% Sodiom 
A^ide with the indicated antibodieji fot 30 minutes at 4^ usicg ! 

2402 (anti-PcH) and Qorrnal nbUc Serum to block nonspecific 
binding. Data on viable cells OO.OOO per sample) were collected by 
four-color flow cytometry on an EPICS 753 (Qmltw, Hlaleah. FL) 
equfpct«d with ft 3-decade iog amplifier and two 400-TnW hisers: a 
48$-nm migun-ton laser and a 6(}0-fim Rhndatnine 6G dyeheaJ liiscr. 



TcMq 1. TImo Courier Oll^uelooltMo UptoCta end E^ooo 
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^ Mean nTC fkiorBsoanco was oonvertad froff> ctmnral Aumber. 
Bone marrow cells uvero set up at 3T*C in eutturo Bssentjolly as do- 
ftcribcd in t^a Matsri^b end Methodsr oitoept thet 8 x 10^ eslla wmra 
cultured in 0.5 rr^ medium for 46 ttburo. TTirao micfogrcntist Of RTC- 
SoligonucleotidB tfinal concentration, 1 /imo^l was cddad to ecc^ 
sami^a at the approftrtota Um« after initlatien of cutturo to aitow up- 
take for the iimes shown. To study efftuK* oetls were eu^ured with 
FITC-S-aligonucleoftde for 12 hours, vvaahedr end th&tft cultured st 
arc In medium wvtthout oHannnaientlde far tho timos indicated. All 
*»mptos wers then washed 9nd stained togethpr^nrtth biotin- BP- 1 and 
Cyanirw-fr'dBS followed t>y PE-avidin. Propidium ioditfv wpf sdded 
immediately bsfore anolysis end the date were ^ated on B220*, Pl~ 
cells. 



t^ata were analyzed using Coulter Elite sofroraie after gating on 
living lyniphocyies. Ail experiitienis shown were perfinm^ at leiisr 
three times with similar results. For cxpsiimcntt nsing all four colors, 
**living }yDJiphocyws'^ were defined by forward versus orttoo^o^ial 
gates. SostM expen'mems were peifottned in which viaWIiey was 
connimed by prnpidium iodide exclusion. PrQpidtum iodide was 
evatuatcd and therefore, staiiung was limited to cyanine-5-BP-l and 
PE-6B2 (see. eg. TaUe 1)- This finding showed that tbs diftentia] 
ofigonucJeotide npake between the 6B2* BP-1 as^ 662*^ Bf-l" 
pqpulaliorut did not resutt from variz^ons m cell viabdlity. Isotype 
ooncrol antibodies were used to d^emiine nonspeciiic staixiins* B«Dd 
pass filcers wem at 525 (FITC), 575 (PE), 635 G'exas red), and 670 
(Cyanine Xn sottoa exp&SmaiK, a FACSckn OSccion DicfdnsoR, 
Mountain View* CA) containing a 15-mW ar^on-iOD laser was used 
with Lysis n BoftwBie. 

Confocal micrasccpy, Cot^ocal miCfOSOOpy was perfbrnied after 
ceU cuUere os described above using a B&oRad (Rtohmoztd, CA) 
NSRC600« witfa a kryptoo/^on huier and NiiUkD (MelviUe, NV) 
optiplwto optici! with n 60>t 1*4 NA o'biecdve, ttnd iTTiagies were 
printed with p Sony UPSOOO video printer. Cells were washed ai 
4°C bat not fixed aid were ImmecUately analyzed imder covert ips 
in ]Fl&SS. in some expsfin^ts, a teuoperamre-controlled stage was 
usual »o maintain samples si 4*^. 

RESULTS 

Determination of B^cell proseniior gazes. B220'* mouse 
BM B-^x^U progenitoi^ can he divided into distinct matord- 
tional stages based on their surface fttaining for S7 and 
].^^ To distiogiuish these stages, gates were then set on fhe 
S7* S7- atld ibe Bt^l^ and BP-l * subsets of the B220' 
population (Fig I A atld B). An reported by itlardy et ul,^^ 
the B220\S7^ h^d the lowest levels of B220 nnd weic less 
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BP-1 

Fig 1. Mting of progmit&r B-«ll g«lM. tMM/2 QM nits 

w«4« *tiiifw<l f«r fUw cvtocnvtiy ma dncrttwd wMi PEMBSt {^201, 
«Vftnln*-B.$7, mi¥i ftMortir*-BF-1 . Forward vmub oftho^ttn*! git^ 
«at to Ifiduda graM^ «Ium 95% «r th* B2Z0* popuMm. Two-color 
contmir plou »r« fthiwvn to indk«t* how vnrfl ^Bt on the 

B2»^S7% IH20-S7-. BSM^BP^l*, uwl fiaWBM C«tb. Hmo 
wwrw then cofhblnad to define tha BiSO^fir'B^^i-, BZZQ^£7-'8P.1\ 
B220'^&7'BF-1*, end B2aO'S7-8P-1- coO subaett. Baceiise tiw for- 
ward vrntu fx^wfionel^attMr wee set to hKiii4e leige celkw myeloid 
mile, which era S7^, B220^, era reMtily <wPttMm. Myeloid ctlto Ireve 
increeiod eutofluoreeeenc^t, aeeounCtng for Utte attptewnl doM p^t- 
tivityforeP-1. 
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comrocm thsn 8220*^27' cells. Combinations of the appro- 
priate gates could tbuK <11stuiguish prc-pro- and early 
pro-B cells (B220"'S7"'BP-l-) firvm Ijitc pro*B cells (B220* 
S7'BP-l*), pre-B cells (B22(rS7*3P-l+>, wid B cells 
(B220'^57~BP- 1 -).*' Tn ^eparato cxpeiinient<:, the validity of 
L^is guting and the cotisi!;tency of oiir ^taimog with that of 
Hafdy et a1^' was confirmed using additiotitO MoAb incJud- 
ing Ml/69 (heat- stable suitigcn) and sig (not shown). Eariy 
ptu-B cells and pre- pro-B cells, which are both B220^ 
S7"^BP-1", can be distinguished by their staining for heat- 
stable aAtigeft," These populations had no substatitial differ- 
ezDcc in oligonucleotide uptake, and so arc shown together 
in the flguTe:^ as pic-pro-B. 

Celluktr axstjcimion <jf oligonucleotide in progenitor B 
cells h stage spec^. BM cells were cultured with FITC- 
oli^ucleotides as described in Materials and Methods, 
washed, and stained as described above to enahii; ^(itig on 
four stages of B-ccll differentiation. FTTC histogram^t of 
these gated pdpulaOons showed relatively low oUgcmucleo- 
tide uptake in the pre— pro-B- and B-c^ populations^ but 
higher uptaice in (he pro-B* and pre-6-ce}) populadons (H^ 
t). Uptake was uwfoitnly low among Thy] *, B220" BM T- 
ccU precursors (not shown). This differetitial tiptake did m>t 
appear to be an artifact of die W[C tag an the oUgonucleo* 
tide because it was also seen in separate expertments nsing 
oligODuclcolides labeled with Cy 3-1 S» ^ ftuorcKhrome with 
distinct physicochemical propcrdes^ (data not shown). At 
the 4-hour time point studied, there is relatively Uitle degra- 
dation of the FTTC-O-oUgonucleodde*** (data txn shown). 

Similar patterns of uptakt: were seen hi notmutolmmune 
DBA/2 and autoicnmune NZB inice (Fig 2). SUghUy tn- 
crea»ed uptake was present in the most mature subset of 
NZB BM B cel]fi« which may be cau^sd by the fact that 
NZB B-ceJ] pTccurM>rs show increased sponi;ineous acdva- 
tion^ and thai oligorvuclcolidc upl^fcc is increased axnoing 
activated cells." 

Tempp.raiure cmd backbone dependence of oligonucleotide 
uptake. To investigate tjie lempcraturc dependence of oli- 
gonuclciotidc uptake, celts were cultut^ with oiiganucJeo- 
tide ftt 4*C and compared with those cultured at 37X:. FITC- 
oligonucleotide binding to cell fnombranes at 4'X; was 
Specific in all cell subsets because it wam cotnpetcd by uncon- 
jugated phosphoiottduatc compethor using previously de- 
scribed methods.** In addition* we compared the rdative 
levels of uptalce of FITC-O^and nTC-^-oligomicleoddes 
and a polyttniotuc VlTOdcxtran of similar MW. The FTIC- 
S -oligonucleotides sht»wed toibst&nliaUy iacrea^ed binding 
to alt cell sutMtets cirnipared widi the unmodified backbone 
(Fig 3)* The polyajiloQic dcxtran was studied because of our 
preliminary data tndicaring that if bdnds to the same cell 
surface sites as oligonucleotides and has sitnil&r inlraccllular 
Ioc:3ili^tjon by LCmfocal microscopy (not shown). Cc|lula^ 
association of both oligonucleotides and the polyanicnic d&n^ 
tnrn was lempcrdluie- and timc-depcTKlcnt (Fig 3). 

i^vcu in the ceils cultured on ice, (liere was a modest but 
gonsistent ti^reu^^ in the level of oligonucleotide pn^itent in 
the late pro-B and prc^B cells compared with that in ihc 
othcsr B-cell stages, .^iuggesiing that Ibe former cells have 
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higher levels of mcmhrBnc ^UgaaucKeotide binding sites. 
Both oIzgonac^eotidAii and the polynnionJc dextran showed 
the s&mc pattern of preferential association wiA the late pro- 
B and pre-B ccUs at both temperatarcs. These cells were 
subtly largfi^ and had fJigihtly hi^icr levels of auto- 
ftuoTcsccncc than the pie-pro-B and B cells (coixtpaiv * *no 
oligo" histograms. Fig 3)« but this was still below the level 
seen with olisooucleotide!: or dextran. By gatimg on small 
Or large cells within each subset'*** and by examining the 
forwarxl scatter proxies of the subsets, we verified that the 
diffoimdial uptaire among the laibclasses could not be attrib- 
uted to diOcrcnocs in cell volimse or surface at«a (dsta not 
shown). Aldkou^ the oligonucleotides could readily com- 
pete the surface binding of the FrrC-dc;djHn. an unconju- 
gated polyanionic dextran had little reproducible effect on 
FtTC-O-oJigonucleoUde ceU binding (data not shown). 

Time count of oii^cnucteaiid^ uptake pnd tffiwc BM 
cells were cultured for 48 hours at 37^ and FTTC-S-oligoiiu- 



cieotide wais added at various lime pcnntK. For cfSux studies, 
the oligonuclooddc was washed out the indicated number of 
houni before flow cytometry analysts (Table i 1). Because 
the B220* ST BP-l' and B220* ST" BP-l" subsets had 
low oligonucleotide uptake and the 8220* S?*** BP-l*^ and 
n22(X*' S7~ BP-1^ subsets bad high oligonucleotide uptake, 
those subsets wene pooled into two groups: B220', BP-l 
and 8220"^, BP-r (7'able 1). Thlii pooling enabled us to use 
(lie detector that had been devoted to S7 for pit^idium iodide 
insiead, thereby ensuring that the cells aiudyzcd weiv: viable. 
These studies confirmed that at every time poim during 
FITC-S-OligOnuclootidc uptake and efflux, oligonucleotide 
levels were higher among the 8220'^, BP*!'^ cells (Table I). 
Uptake reached a plateau by 3 hoiir«, Fluorescence micros- ' 
copy of unwashed cclb showed that cellular ffuorescence 
was O^pically at lea.st as intense as the background level in 
the medium containing FlTC-oligOfikiclootide (not shown). 
CcQ-ossociaied oligonuclcodde declined by ^proximately 




Fig 3. 
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fid 4. IdtracDllular oli^oiiucteotidfr tocAlizatiQiu Phase eoxitrsst f A) 
mvi fivormcence iniB^a (B) cif typicBl BM oelH obtained fay eonfoeet 
fimmcQpy. ctunwin^ the hflterufanefty of uptake smh wfth an RTC- 
^lidOfiutHeotida. Allhougti the call on the right is sli^vttv out of 
f 6eti«f rko ufrtakv was visible whhtn Hiat csH m Any plane of focus. 



50%- m l>ca» cell subscti »ftcr 3 hours <3f cfflu^c <TaWc I), 
Uptake was more aradual in BM ce\H that not been 
pmuUured for 4£ hours (data not shofwn). 

fntracelluiar nligoTiucfwtidf iocaiJzariotu The tempcTfl- 
tuit depcndei^ce ofcellul^ir ongonacIe<niclt 4i«}&ocijitiCHt seen 
in (he experiments above <;uggestfid the possibtltty that the 
]1uot<^CCnc6 amcn in odls cultured with oUgonudeotide at 
4*^0 was caused hy binding in the ccM Hurfurc that cell 
culture at 3T^ resulted iu olifionucleotidc iiitcfjializaiion. 
To test this hypothesis* we used contbc&l microscopy, in 
cells culniE«d otx ice, FTTC-oligojiucleoude was located 
^lely on the ceJl membrane by confocul mi^ro^icopy: In 
txlls cultured at 3T*C» oiij[^onuclcotidc was present intnKxJJu- 
Jariy (Fi£ A and data not sbovi/n). Auiofluoicsccnce not 
detectable under the eottditit^niA Uited. AifKin^: cvn«i th^t look 
op FrrC-oUgonuclcotide. fluorescence was typicoliy specie- 
led ttijd cytuplasmie with very littJc nuclear fluorescence (Irig 
4). Both FfTC-O-oJi^odiucieoiides <ind FITC-S-oligonitdtiO- 
tide^ showed .simitar patterns of localization, hut the level 
of ^uorcscenec was typicaUy higher In cells cultured w.ith 
the FITX:-$-oHganucleotide$. 

DISCUSSION 

n*e inierprewiion Of experiments using amiscose oligonu- 
cleotides in vivo or in primaiy c^u ctdoires is critically de- 
pendent OB whc(hcr cell uptake is hon^ogcneous or heteroge- 
neous. With this in mind, the present study was performed 
to delcrmine the relationship, if any, between oligonucleotide 
Uptake and murine BM cell differentiation. 

As previously described by H«rdy cr B-lineagc lym- 
phocytes pas^ (hrough scvcrai sequenuaJ sia^e.ci with di5itirtct 
expression of cell surface molccutes as they develop from 
their l^emaiopoieiic progeniMr.*;. Using flaw cyiomeiry, wc 
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couJd readily distinguish RTC-oligomicleotidc upiake 
aiYion^ pftt-Pro- and early Pro-B cells <B220"S7*'Br-r) 
fiom late l^ro-B cclU (.B220;S7"BP-r k Ptc-B eelJi! 
(B220'S7-BP-r), and B ceils <B220"S7-BP- 1 ). We found 
that uptake was quite low among the pre -Pro- and early 
Pfo-B cells, increased in the BP-T hie Pro-B- and Prc-B- 
ccll popu I;ii:(ODS. tind w^? lower among mature B cells. By 
exiunlning cell association of FlTC-oligonucleotide In cells 
cultured at 4^. v^rc showed thai the icve? of cell jwen)bran« 
oUgonuelcutide binding diffenKl amotig cell subsets in the 
sanie way as cell association at 37*C- 

Our analysis of the time cour^ic of FlTC-S-oligonucieoiide 
tipuike Imo »nd effluN from murine BM cellfi Khowed that 
in boi}> the BP-1 subsets with relatively high uptake and the 
BP-i ' subsets with low uptaJic, die level of c;eIl-a,N!»f>ci4icd 
olij^ohucleotide plateaued after cuhure at 3TC for 3 houis. 
EfAux waK gradual} with aj^roximatcly 50% decrease in 
ccLl-flSSOciolcd fluore»ecn<ic by 3 hours. Previous studies ot 
oiifonucteoiide uptake in various cell lines bave found that 
a plateau m tiplake is reached after from 1 hour^^ to more 
than 6 to 12 hours '*''^*-'^ However, interpreiittmn of wimc of 
these data uxlng rsidiulabeksd o!igoiiucicotide& Is oot siraighl" 
forward (both for the reasons g^^^n in the inuodiKlion and 
because the ohgtinwclcoiides jMsrt not shown to be iniaci, 
leaving open the possibility that the label may have been* 
released from degraded oligwive)eiL»tide tmd ineorponMod 
into cellular nucleic »c»ds>. As shown previously. FITC- 
phospborothioute oUgonucJeotidiss are hi^ihW Aiable in 
cells*™-'*' thus avoiding thejse problems. 

Confoeai microscopy .Showed that oli^ooucieutide ts inter- 
nalized by living BM cell*i and siiows a somewhat stippied 
predominantly cytc^tasmic localization^ compatible with en- 
docyiottc uptake. Thm w^lk very littie nuctcitr j0eaij2ati<Kl. 
This is similar to -oJigoaucleotide distribution witliin spk«:n 
cells,**^ Tliese studies are in agreement with those of other 
investigators conducted in cfell lines using a variety of tech- 
niques.^**'"'*^''* Indeed. ptedotKiinant nuclear loe^iiuition 
generally only reported in studies using microinjeeuon of 
0ti^nt2C)eotldes or in dead celU.^^ From diese and other 
unpublished studies* it appears incrcdttinsly likely that the 
rate-limiting step m antiacnsc oUgonueleoiide efficticy may 
be an exit from the endosomes- from ihe endosomcs is 
likely followed by nipid nuclear uptake. "-^''^ The otigonu- 
cleoiide bi^kbone appears to bave linlc effect on this local- 
izauon, alihougb it can be dramatically attcred by conjtiga- 
tion of lipcfjhilic groups.^*'* 

or note, the stages with the hiehe^t ol jgonueleoitde upUike 
the ii^i those with the lii^ihest rate of praUfecadon.^ 
This may be reliiiied to oiu' previous findings of markedly 
increaf;ed oligonucleotide uptake in mitogcn-stimutatcd pc- 
ripheral B cells. A possible cxp1nnatk>n fwr iTwrcftsed oligo- 
nucleotide uptake arDon^; prgHferatin» ceils is their ocad lo 
obtain stifficleni xiucleic acids lo double their C^A content.'^ 
Tltis Hnding nnay explain why cell lines have generally been 
found to have bifllicr rates of oligonucleotide uptake than do 
primary cell lines. 

Oligonucleotide bittdins; lo cetl ntembranes was sj^ecific 
in ibat ii was compel able. However, the cell itiembrancpNA 
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1>inditt£ Silie& appear tc bind other polyanions beside oligonti- 
clfiotidefi. Oar studies with FTCC^dcxxiBn^ a polyanioa that 
had a sinular MW to the Fi iC-oligonoclcdtidcs, show simi- 
lar ptefermtia] uptake tuiiong late Pro-B and Vtt-B ce)J$, 
suggesting; that the cell xnembrane I>NA binding sites may 
be specific for poiyanions rather Chan a unique feature of the 
DNA backbone 

The differencial uptake of oligoitucleotides by different 
cell populations has impljcations both for research studies 
using oii^nucleotides with cuiturrd BM ceD-s tuid Tor in 
vivo therapeutic trials of antisense ther^y. It cannot be aS' 
sumed that oligonudeodde uptake will be unifonn among 
dUffer^nt cell populBtiiHi^ ur celU At vHi^mg ittages of differ- 
entiation. 
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